There has been prolonged debate in the scientifi c community as to whether or not changes in solar activity signifi cantly affect Earth's climate. One of the main arguments against solar infl uence is that because the intensity of solar radiation changes by too little (~0.1%) during the course of a solar cycle (or on longer time scales) to have a significant impact on changes in Earth's climate, an amplifying mechanism must be at work if solar infl uence is to be taken seriously. Ney [1959] proposed that the solar-modulated terrestrial cosmic ray fl ux (CRF) is another solar infl uence that must be considered as possibly affecting climate. The CRF affects the electrical conductivity of the atmosphere through ion production and is the meteorological variable subject to the largest solar cycle modulation that penetrates into the denser layers of the atmosphere.
The need to consider the effects of the CRF is even more pertinent because Bond et al. [2001] have shown strong correlations between variations in carbon-14 and beryllium-10 ( 10 Be) accumulation rates (CRF proxies) with ice-rafted glacial debris in the North Atlantic. The detailed variations found by Bond et al. also correlate with worldwide climate changes reported by others [Neff et al., 2001; Stuiver et al., 1995; Eddy, 1977] .
On the century time scale, the CRF-related variations were dominant, with the observed trends in 10 Be accumulation typically ±10% in 100 years, comparable to the approximately 10% changes in CRF over an 11-year solar cycle at high latitudes. This 10% amplitude can be compared with the change in solar ultraviolet irradiance, absorbed in the upper stratosphere, of approximately 1%, and the total solar irradiance change of approximately 0.1%, with these amplitudes measured on the 11-year time scale or inferred for longer time scales [Foukal et al., 2006] . This article provides evidence that the solarmodulated CRF, which affects atmospheric electricity, may initiate a suffi ciently large amplifi cation mechanism that can magnify the infl uence of the Sun on the Earth's climate beyond the traditional radiative effects.
Dust Variations at Solar Periodicities
Studies of dust in the Greenland Ice Sheet Project 2 ( GISP2) ice core from central Greenland provide strong support for Ney's [1959] arguments. The GISP2 dust profi le has been measured using laser light scattering (LLS; see Ram and Koenig [1997] ; see also Figure 1a ). The profi le exhibits sharp annual dust maxima (peaks) along the entire length of the core. Figure 1b shows the peaks over a short section of ice core. Because each peak corresponds to a single year of snow accumulation, the peaks were instrumental in dating the ice core with great precision in tree ring-like manner. The changes in dust concentration are attributed to changes in precipitation and soil moisture.
It has been found [Ram et al., 1998; Ram and Stolz, 1999] that the dust concentration in the top 2.8 kilometers of GISP2 ice, spanning more than about 100,000 years, is strongly modulated at regular periods close to 11, 22, 80, and 200 years, all of which are well-known periods of solar activity. Typical 11-year modulations are shown in Figure 1c . Twenty-two-year Hale (magnetic) periods are generated from two adjacent 11-year periods in a very special manner ( Figure 1d ). For example, 11-year cycles 1 and 2, 3 and 4, 5 and 6, and 7 and 8 combine to generate 22-year cycles. Eleven-year cycles 2 and 3, 4 and 5, and 6 and 7 do not. This pattern is reminiscent of the neutron monitor records of the CRF, where alternate 11-year modulations with sharp peaks are separated by fl at-topped 11-year maxima VOLUME [ Ram and Stolz, 1999] . [Jokipii, 1991] (Figure 2 ). This effectively produces a 22-year-period terrestrial cosmic ray cycle. The striking similarity of the neutron fl ux curve and the 22-year dust modulation pattern seems to indicate a link between the dust modulations and the terrestrial CRF.
CRF as Climate Driver?
So are the CRF variations themselves the drivers of climate change, or are they merely proxies for irradiance variations? An amplifi cation process is required irrespective of whether the responsible input to the atmosphere is total solar irradiance, ultraviolet irradiance, or the CRF. For the fi rst two, no adequate amplifying mechanism has been demonstrated. However, changes in nucleation processes in clouds associated with the CRF can provide the necessary amplification [Dickinson, 1975] . While Dickinson discussed ion-mediated nucleation of sulfate aerosols that can affect the amount of high cloud cover, evidence for an alternative nucleation mechanism has been documented and reviewed in a number of recent publications (most recently by Burns et al. [2008] and Tinsley [2008] ).
Meteorological responses of pressure, temperature, dynamics, and cloud cover have been reported for a variety of disparate inputs to the atmosphere that all modulate the fl ow of the downward electric current density (J z ) in the global electric circuit. The solar-modulated CRF is an important modulator of J z , which acts on the microphysics of clouds by generating layers of charge as it fl ows through conductivity gradients in clouds arising from gradients in droplet concentration. The charges attach to droplets, cloud condensation nuclei (CCN), and ice-forming nuclei (IFN), and the charges affect the rate at which these nuclei are scavenged by droplets.
Effects on Clouds
Scavenging of IFN by droplets that are supercooled (at temperatures below 0ºC) results in the production of ice by contact ice nucleation. Changes in rates of contact ice nucleation and in the concentrations of CCN and IFN can affect cloud cover and rates of precipitation, and potentially can explain some observations [Tinsley, 2008] .
The day-to-day time scale for changes in J z with correlated meteorological responses has yielded multiple events that demonstrate high statistical signifi cance, with the infl uence of J z alone (in the absence of changes in ionization) being a necessary and sufficient explanation for observed correlations. The same processes affecting precipitation and cloud cover are applicable on the 11-year and century time scales. However, clouds of different types at different altitudes and temperatures will respond differently, and with dynamical feedback much difficult modeling is required to evaluate global mean effects. Donarummo et al. [2002] showed that there are intermittent reversals of the Sun/ dust correlation in recent (~250-year-old) GISP2 ice and that the reversals could be accounted for by explosive volcanism. These authors proposed a scenario in which the 11-year dust modulations in years without volcanic sulfuric acid (H 2 SO 4 ) are attributed to increases (at solar minimum, which corresponds to CRF maximum) of electrically enhanced scavenging of IFN when the air-Earth current density is greatest [Tinsley, 2008] . This scenario results in enhanced contact ice nucleation, ice production, and precipitation by the Wegener-Bergeron-Findeisen mechanism involving the rapid growth of ice particles once they are formed. The enhanced precipitation produces high soil moisture and hence low dust. These authors attribute the 11-year cycles with opposite phase, in years with increased content of volcanic H 2 SO 4 vapor, to a greater effect of the ion-mediated nucleation of ultrafi ne aerosol particles that grow into CCN that at solar minimum (cosmic ray maximum) inhibit precipitation, resulting in low soil moisture and hence high dust. This scenario (and it is just that) entails two different cloud microphysical processes to account for the predominant correlation with the CRF and the occasional reversals of phase. Donarummo et al. [2002] have demonstrated that the dust profi le of GISP2 ice is modulated at all known periods of solar activity and has provided circumstantial evidence that the large, average dust concentration changes are associated with the modulation of the terrestrial CRF by the solar wind magnetic fi eld. The above work also noted that the relative amplitude of the dust modulations in ice from glacial times is much too large to be attributable to changes in solar irradiance during a solar cycle. An amplifying mechanism must be at work, and it is plausible that the solar-modulated terrestrial CRF that changes by almost 10% over a solar cycle (and similarly in trends on the century time scale) initiates the necessary amplification by electrical effects on cloud microphysical processes.
Volcanism and Correlation Reversals

Proposed Linkages
The following chain of events is proposed for the effect of solar activity, in the absence of volcanism, on the dust accumulation: increased solar activity → decreased cosmic ray fl ux → decreased air-earth current → decreased contact nucleation → decreased precipitation → increased dust For decreased solar activity, a corresponding chain of events leads to decreased dust.
This scenario is particularly effective at high latitudes and during glacial periods, because of the greater amplitude of the CRF variations there, and because IFN were readily available due to the large dust load of the atmosphere in glacial times. (Kumai [1977] has shown that clays are excellent IFN and constitute the majority of nuclei in snow deposited in Greenland.)
In conclusion, this article draws attention to the GISP2 dust measurements that, consistent with many other climate/ CRF correlations, provide circumstantial evidence for a Sun/ climate connection mediated by the terrestrial CRF. The article also draws attention to mechanisms involving effects of atmospheric ionization on precipitation. These fi ndings point to the need to work to incorporate the effects of the CRF on J z (and associated nucleation processes), and the In 1991, South Korea embarked on an ambitious project to reclaim nearly 401 square kilometers of land and tidal fl ats from the Yellow Sea by building a system of two dikes extending 33 kilometers across the mouths of the Dong jin and Mang yeong rivers, offshore of the Saemangeum district (see Figures 1a and 1b) . Called the Saemangeum Reclamation Project, the endeavor will allot about 283 square kilometers of the reclaimed land for crop production (mostly rice) through irrigation of the rivers' estuaries, which will be extended by about 23 kilometers when the bay fi lls up. The rest of the reclaimed land will be a water reservoir for agricultural use [Lie et al., 2008] .
The construction of the Saemangeum Reclamation Project's northern dike was completed in June 2003; the southern dike was fi nished in April 2006. Two gaps in the southern dike allow water exchange, and two gates control the water level inside the dikes. The reclamation project, the biggest such endeavor in South Korea, is expected to be completed around 2030.
Since the dikes have been constructed, satellite-derived images have been used to demonstrate marine environmental responses observed from ocean color data inside and outside the dikes during and after the dikes' construction. The results show that after closure of the dikes, water transparencies drastically increased and the amount of suspended sediments in the region decreased. The changes may refl ect the signifi cantly diminished tidal currents in the Saemangeum region now that the dikes are in place.
Satellite-Observed Drastic Changes in Marine Environment
NASA's Moderate Resolution Imaging Spectroradiometer (MODIS) on board the Aqua satellite provided a full suite of observations for marine environmental responses to the reclamation project. Data from July 2002 to December 2008 covering the Saemangeum area were processed for ocean optical and biological products using the recently developed near-infrared (NIR) and shortwave-infrared (SWIR) atmospheric correction algorithm [Wang, 2007; Wang et al., 2009b] . In particular, this study used two MODIS-derived products: the normalized water-leaving radiance at a 645-nanometer wavelength, nL w (645), and the diffuse attenuation coeffi cient at a 490-nanometer wavelength, K d (490). The nL w (645) data can be used to represent water opacity and can be directly related to the total amount of suspended sediment in the coastal waters [Miller and McKee, 2004] . The K d (490) data, derived using a new algorithm applicable for the turbid coastal waters [Wang et al., 2009a] , can be directly related to water turbidity.
Two MODIS true-color images at 250-meter spatial resolution were acquired on Julian day 221 (in August) in both 2003 and 2008 (before and after the completion of the southern dike). From these two images, it is easily seen that water inside the dikes is clearer in 2008 (Figure 1d (Figures 1g and 1h ) compared with results before the dikes' completion (Figures 1e and 1f) . Particularly in summer 2008 (after the dikes had been completed for more than 2 years), the nL w (645) values were similar for regions inside and outside the dikes (Figure 1h 
